Southeast Harney Lake Hot Spring and its effluent channel were examined for spatial and temporal variations in the concentrations of several chemical species, viz. dissolved oxygen, pH, alkalinity, phosphate-phosphorous, nitrate and nitrite-nitrogen, conductivity, chloride, flouride, temperature, calcium, magnesium, potassium, and sodium.
published an extensive review of the thermophil ic blue-green algae.
With few exceptions there has been little work done on the spatial and temporal variations of the chemical components of a thermal spring, most of the work beirg focused on the biological components.
World wide spatial distribution of algal species of hot springs appears to be fairly uni form.
Species found growing in Yellowstone
National Park can also be found growing in Indonesia (Castenholz, 1969) .
The spatial distribution of algae within a particular thermal system has also received a lot of attention but is usually expressed in terms of temperature distributions. Once the heated water leaves the ground, atmospheric and flow conditions determine its temperature distribution and thus that of the biota.
Above approximately 57°C no eucaryotic organisms have been found and above 74°C blue-green algae cease to be found ( Castenholz, 1969) .
Sul fur bacteria have been found growing at 93° C but their temperature for optimum uptake of various labeled organic compounds was between 80°C
and 90°C (Brock, et al., 1971) . Below 57°C the number of different types of organisms that are found in thermal springs increases and primary consumers start to appear at about 50° C ( Castenholz, 1969) .
Seasonal variation in the biological component can be pronounced, usually due to seasonal variation of light (Stockner, 1968a; Sperling, 1975; Naiman, 1975) and variation in predatator density (Collins, et al, 1976; Stockner, 1971) . Stockner (1968b) , working on a portion of an effluent channel of Ohanapecosh hot spring, reported a very regular cyclic change in the relative abundance of diatoms, although neither absolute numbers nor biomass were reported. He attributed these changes to light adaption.
Submerged algal mats of Mastigocladus laminosa in Icelandic hot springs were found by Sperling (1975) to exhibit a dramatic decrease in biomass from their summer maximum. Portions of the mat with a southern exposure exhibitied greater rates of production than portions with northern exposures.
Monthly standing crop in Topeka Bore, Mojave Desert (Naiman, 1975) , exhibited cyclic behavior over the course of a year and a half.
It was lowest during the winter months, 522 kcal/m 2 (56 gC/m 2 ) in October, 1972 and reached a peak of 1056 kcal/m 2 (113 gC/m 2 ) in April,
1973.
Primary production reached a minimum of i .16 g C/m 2 I day in December, 1972 and a peak of 4.86 gC/m 2 /day in May, 1973. For each sampling station along the stream there were large differences between minimum and maximum rates but the mean annual rate was fairly constant at 3.5 gC/m 2 /day along the middle portion of the length of the strean.
The temperature varied from 38°C to 45°C. Collins, Mitchell, and Wiegert (1976) suggest that seasonal increases in primary production may be due in part to predation upon the algal mat material by primary consumers. By predation of Paracoenia turbida (Diptera) larvae upon senescent patches of algal material these areas were converted to areas of higher productivity, probably by the elimination of mechanical barriers to nutrient flow. Brock (1967) has shown that algal photosysthesis is more efficient per unit chlorophyll in habitats with flies than in higher temperature habitats without flies.
Variation in stream length standing crop and primary productivity as well as diurnal variation in productivity along a thermal stream were studied by Brock (1967) (Brock, 1967; Stewart, 1970 The water issues from the ground at a temperature of about 60°C
and with a total discharge rate of 6 to 10 liters/sec., depending upon the hydraulic conditions.
Within the pool there is an extensive algal and bacterial mat very similar to that described by Brock (1969) in Yellowstone National Park.
The upper 3mm of the mat is composed of the green filamentous bacterium
Figure 1 (Table II) . The present physical appearance of the spring and, its chemical composition of the water is not very different from those reported by Russel (1903) and Piper et al.· (1939) .
Station 2, the station at which the diurnal measurements were made, is located at the start of the effluent channel. The width of the channel is 45 cm and has a maximum depth of 15 cm, representing a cross-sectional area of 415 cm 2 and a discharge rate of 10 liters/sec.
The algal flora at Station ·z is represented almost entirely by Synechococcus lividus arranged into streamers. The diurnal measurements were made at Station 2 ( Figure 2 ). This is the point where the effluent channel began and it was assumed that this point represented an integration of all the chemical and biological activity within the pool.
The discharge rate was measured on 2 May, 1976 using a Gurly meter at a well defined, smooth flowing portion of the effluent channel. The discharge rate on 3 April, 1977 was measured by the time of passage of a float between two measured marks for each transverse subdivision of the effluent channel. Total hardness and calcium concentration were determined by EDTA titration as outlined in "Standard Methods" (APHA, 1971) . Total hardness was assumed to be due to calcium and magnesium only and
magnesium was determined by difference. Reference to literature on similar types of water indicates that this is a good approximation although it will exaggerate the Mg concentration ( Castenholz, 1969) .
Nitrate and nitrite-nitrogen were determined in the field colorimetrically with a HACH Kit, using HACH chemicals and methods with modifications. Instead of using the supplied scales for N0 3 -N and N0 2 -N, the percent transmittance scale was used. Standard solutions were taken into the field and standard curves were made at the time of analysis.
Chloride was determined by mercuric nitrate titration as outlined in "Standard Methods" ( APHA, 1971) • Flouride and sulfate were measured in the laboratory using HACH Kit. The procedure was the same as that used for nitrate and nitritenitrogen.
Silicon (reactive silica as Si) concentration was determined using the method of H.L. Golterman (1969) . Due to the high silica content of the water, a 1 to 50 dilution was used. Absorbance was measured on a Beckman Spectrophotometer 20 with al cm cell.
Dissolved orthophosphate-phosphorous concentration was measured using Shapiro's (1973) Alkalinity was determined by potentiometric titration. The end point was found by a linear regression of a Gran plot (Stumm and tvbrgan, 1970 Thus the effects of atmospheric co 2 intrusion can be neglected and the system considered closed and each point in the system can be considered at steady state through time.
In the cal cul at ions involving the buffering system, correct ions were made for temperature and ionic strength. The data for the dielectric constant were fit with a second degree polynomial that is in excellent agreement with the published values.
pK 2 values published by Stumm and Morgan (1970) were fit with a third degree polynomial and pK 1 was regressed against the reciprocal of the temperature. Table I presents a summary of the streamlength distribution of temperature for three seasons, late winter, spring, and late summer.
RESULTS AND DISCUSSION
The mean and standard deviation exclude the data-for 1 May, 1976 to avoid bias in the spring data. The 1 May, 1976 temperature data is also presented in Table I . As seen from the standard deviations, the source at Station 1 is less variable than any downstream station. A hint of seasonality can be seen as the temperature for all seasons increases through the summer, from March, 1975 to September, 1975 . The diurnal temperature data ( Figure 7 ) also illustrates the effect of variation in atmospheric conditions upon the stream temperature.
Prior to and at the start of the diurnal temperature measurements there was a stiff wind blowing from the northwest. As the wind died down between 6 and 8 p.m., the water temperature increased steadily. As the air temperature increased the next day, the water temperature increased due to the decreased temperature differential between water and air. During the night both the air and water temperatures were steady.
Using the Na-K-Ca geothermometer for natural waters presented by Fournier and Truesdell ( 1973) , the temperature of last interaction of water with rock occurred at 150°C. Presumably this is the temperature of the aquifer. Piper et al. (1939) are also included.
South Harney Lake Hot Spring can be classified as a volcanic Na, Cl-HC0 3 spring (Castenholz, 1969) . The source is high in sodium (655 The streamlength variation in pH and alkalinity is presented in Dissolved oxygen ( Figure 5 ) increases rapidly within the first 60 meters, from 0 mg/ 1 to 5. 3 mg/l. Thereafter dissolved oxygen remains essentially constant despite decreasing temperature. In Figure 5 , the dissolved oxygen value at Station 1 was taken as zero. This is the Of STANCE ( M) Figure 5 . Streamlength dissolved oxygen measurements value measured from a sample taken within the throat of the spring. The value of 1.7 mg/l reported in Table III is from a sample taken near the surface. The relatively large increase in dissolved oxygen is probably indicative of a large residence time within the pool. The percent saturation increases from zero within the throat to 38% near the surface to 76% at Station 2. After Station 2 the percent saturation reaches 95%
at Station 6 and steadily decreases from thereon. This decrease is due to slower oxygen infusion into the stream as the, equilibrium value is reached and to the lag time between temperature decrease and o 2 increase.
The increase in chloride ion and specific conductivity go hand in hand and can be accounted for by evaporation. The loss of only 36 ml water per liter results in the observed increase in Cl-.
The data for nitrate-nitrogen and-orthophosphate-phosphorous is presented in Figure 6 .
At approximately 130 meters downstream from Station 1 (Station 7) nitrate-nitrogen starts to increase dramatically, from 0.12 mg/l to 0.39 mg/l 160 meters further on, Station 11. The increas~ can be attributed to nitrogen fixation. Stewart (1970) , investigating nitrogen fixation in Yellowstone National Park, found the peak of fixation activity at a temperature of 37°C with a broad range from 28° to 45°C. Above 60°C
there was a rapid decrease in the fixation rate. The upper temperature limit found by Stewart coincides nicely with the temperature of 46°C at Station 7 and as the t~mperature decreases further downstream the nitrate-nitrogen concentration increases.
Although biological assimilation can contribute to the downstream decrease in dissolved orthophosphate-phosphorous, the major process is (Table IV) and 13.8 mg/l for total calcium from Table II Once the water leaves the ground it is subject to atmospheric conditions ( Figure 7 ). As noted ear lier, atmospheric wind and air temperature influence the stream temperature.
The diurnal oxygen concentration behaves as one would expect 
I .
.,
concentration begins to increase, reaching a peak at around 10 am. This increase is attributable to photosynthesis.
The diurnal pH curve (Figure 9 ) does not behave as one would expect. Due to respiration during the dark hours pH should decrease due to a net increase in co 2 and during the daylight hours pH should increase due to the net removal of co 2 by photosynthesis ( Verduin; 1956 ). The pH curve in Figure 10 displays just the opposite behavior;
there is an increase in pH during the dark hours and a decrease during the light hours. (The sudden pH change between 6 and 9 am appears to be real as the pH meter was correctly calibrated.) Alkalinity similarly decreases during the daylight hours ( Figure   9 ).
In an otherwise unperturbed system, alkalinity is independent of changes in co 2 due to photosynthesis (Stumm and Morgan, 1970) . The partitioning of the carbon species is presented in Figure 10 . Of special interest is the increase in total inorganic carbon during the daylight hours, presumably due to the dissolution of precipitated carbonates by the increased H+ concentration. . \ . 
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The increased H+ concentration will push the reaction to the right and by CaHP0 4 (aq);!: Ca+Z + HP04 the phosphate ion concentration is increased.
Nitrate-nitrogen also increases during the daylight hours as one would expect if nitrogen fixation were taking place (Peterson, et al, 1977; Stewart, 1977 ).
It appears that varying hydrogen ion concentration is the main process that affects the diurnal variation in P0 4 -3 , alkalinity and total inorganic carbon concentration.
There are several processes that can account for the observed increase in H+ concentration, two of which are suggested by Brewer and Goldman (1973) . Although nitrogen fixation does not affect alkalinity, the subsequent biological use of NH 4 + can. A third process, the oxidation of NH 4 + by dissolved oxygen (nitrafication), could potentially be the most important process. The overall reaction may be written (Wetzel, 1975 p. 199 The lower temperatures push the equilibria toward HCOj and co3
formation.
The downstream decrease in phosphorous is likely due to the effect of increased pH upon the equilibrium between calcium orthophosphate and calcium hydroxyapatite.
hydroxyapatite.
Increased pH favors the precipitation of
The increased nitrate concentration is probably biological in origin, resulting from nitrogen fixation. The fixing organisms are likely to be bacterial, as no blue green algae that are known to fix nitrogen were observed in any appreciable numbers.
The diurnal pH curve is unusual. It is the usual case in nonthermal waters that pH increases during the day due to the net depletion of COz by photosynthesis (Verduin, 1956) . Just the opposite was observed in this study. pH and alkalinity both decreased during the day. The likely cause is the oxidation of ammonia to nitrate within the algal-bacterial mat.
Nitrate-nitrogen increases also during the day, as one would expect if biological nitrogen fixation were taking place.
